In 1961, Peter Safar and colleagues published a landmark paper demonstrating how external cardiac massage could be integrated into resuscitation protocols 1 . Even before the article was printed, some organisations had included its advice in their training manuals-it was clear to everyone that this was an effective, simple method of restoring circulation, and one that could easily be taught to first responders 2 .
But almost immediately, the question of human endurance was raised. It was thought unlikely that one person, or even a group of people, could maintain effective chest compressions for any length of time. There was also concern about the consistency of the compressions, the risk of inadequate compressions, and the dangers of excessive force leading to rib fractures and other trauma. As a result, researchers began to investigate ways of mechanising the procedure 2, 3 .
George Harkins and Mogens Bramson were the among the first to describe a mechanised device 4 . Their equipment provided mechanical cardiac massage during a cardiac arrest and also allowed synchronised supportive compressions for the failing heart. There were two components. The first was a gas-driven piston, mounted on a horizontal aluminium bar above the patient. It provided the compressions and could be driven by any available gas, either from a cylinder or directly from a wall mount. The second component was the pulse generator, a solenoid valve which either allowed the gas through to the device during the compression phase or vented it to air during relaxation. It was controlled by a timer or linked to the R wave on the electrocardiograph to provide synchronised cardiac support. The initial article, published in 1961, described its successful use on patients as both a resuscitator and an assistor of cardiac function, but no clinical details were provided. The large device was supposedly easy to assemble. It was marketed by Hallikainen Instruments as the Harkins-Bramson Synchronous Electrocardiac Massage Machine®, Model 1318 5 . It was followed within a couple of years by the Model 1337, a smaller portable device with a battery-powered timer. It could maintain cardiac massage for up to two hours with one large oxygen cylinder in an ambulance 6 . On arrival at a hospital, it could be coordinated with the synchronised model if available.
Around the same time, Marvin Nachlas and Melvin Siedband described another pneumatic pump for external cardiac massage, which worked on similar principles 7 . They conducted successful trials of the device in dogs and used it unsuccessfully for thirty minutes on three adult patients who had already failed other resuscitation attempts. They also subsequently developed a smaller, portable device, made and marketed by the Westinghouse Corporation as the Iron Heart® 8 . Designed specifically for use in ambulances, it was entirely gas driven, with no electrical components. In order to conserve oxygen, it was subsequently modified to divert the vented oxygen from the driving mechanism to a reservoir; the reservoir oxygen was then used to manually ventilate the patient. This latter function was not required in 1967 when the Iron Heart was used to circulate DSMO (glycerol with dimethyl sulphoxide) around the body of Dr Bedford immediately after his death 9 . Psychology professor, Dr James Bedford, was the first human to be cryogenically 'frozen' and his body remains in cold storage to this day. In 1991 it was transferred to the Alcor facility in Arizona where it underwent a careful examination while still submerged in liquid nitrogen 10 . Reportedly the body was remarkably well preserved although blood was noted around the mouth and nose, thought to be due to pulmonary haemorrhage during prolonged cardiopulmonary resuscitation. It may be some time before the final result of this particular experiment with a mechanical cardiac compressor is known.
There was a proliferation of devices over the next few years. Peter Safar and Leroy Harris reviewed the Beck-Rand machine in 1963, a machine developed with innovative cardiac surgeon, Claude Beck. They noted that, while it successfully resuscitated a number of dogs, there were some significant injuries 11 . They were only able to use it on one patient and they commented on the difficulty of maintaining resuscitation while also trying to get the patient into the device. Overall Safar was concerned that the devices were distracting: "It is hoped that…the availability of heart massage machines will not distract from the greatest advantage of Cover photo: Early mechanised external cardiac massage machine. Image courtesy of Michigan Instruments. manual external cardiac compression -namely, simplicity, immediate availability, adaptability to field conditions and no need for equipment" 11 .
In 1966, John Pearson and colleagues conducted a more comprehensive analysis of the various devices on the market, deliberately selecting devices with differing mechanisms of action 12 . They asked highly trained ambulance officers to evaluate their performance on manikins. The results were universally disappointing, both in the time to set up and the effectiveness of the resuscitation. Perhaps not surprisingly, the least complex machines were the most effective-the simplest one being the Cardiac-Massager®, a manually operated device which resembled a giant stapler. It allowed the operator to manually compress the chest by moving the plunger via a hinged lever. A brief editorial comment by Professor James Jude reiterated Safar's concerns and emphasised the need for rapid effective use of drugs, defibrillation and other resuscitation techniques so that cardiopulmonary resuscitation was of limited duration and operator fatigue inconsequential.
1966 also saw the first official cardiopulmonary resuscitation guidelines published. This lengthy document only briefly mentioned mechanical devices and did not assign any importance to them 13 . The same year, Clare Barkalow of Michigan Instruments obtained a patent for a calibrating mechanism which could be incorporated into a plunger compressor device for external cardiac massage and make allowances for different sized patients 14 . This mechanism was built into their extremely successful Thumper ® machine, still available today 15, 16 .
Most of the early machines provided only active compression, allowing the chest wall to recoil passively. The addition of a suction cup to resuscitation devices occurred after a bizarre report of a successful resuscitation with a toilet plunger in 1992. A 65-year-old man collapsed at home while watching television in San Francisco and, during his frantic unsuccessful attempts to effect cardiac compressions, the son suddenly remembered that his mother had previously saved his father's life with a toilet plunger. Accordingly he performed cardiac massage with a toilet plunger for a further ten minutes until the ambulance arrived. By this time his father was breathing again. Hospital officials stated: "they did not know…what had inspired his wife to try the plunger in the first place" 17 . The son suggested that doctors should place toilet plungers next to all the beds in coronary care, a suggestion that amused most of the doctors but intrigued Dr Keith Lurie 17, 18 . Lurie and his colleagues postulated that pulling up on the suction cup decompressed the chest, potentially increasing venous return and assisting gas exchange. Working on these principles, they collaborated with Ambu to create the CardioPump®, a small portable device for active compression-decompression resuscitation 19 . Not strictly speaking a mechanised device, this piece of equipment modifies manual cardiac massage, adding decompression to the cycle.
In 2002, the suction cup was included in the design of another gas-driven device, the Lund University Cardiopulmonary Assist System (LUCAS®), manufactured by Jolife AB, Sweden. Preliminary reports were encouraging and, following successful crash testing to ensure it would not be displaced from a patient in the event of a traffic accident, the device was introduced into all Swedish ambulances 20 . The original device was superseded by the LUCAS 2®, which is battery powered, not gas-driven 4, 21 . There have been many recent reports and reviews of the LUCAS®, the Thumper® and the multitude of other devices on the market. All the literature suggests that further research into mechanised cardiopulmonary resuscitation is required, noting in particular, a lack of randomised controlled trials. Despite over fifty years of research and innovative device manufacture, to date there does not seem to be clear evidence recommending one device over any other, or for the mandated inclusion of mechanised devices in resuscitation protocols 22, 23 .
